, separated the genus Spirillum Ehrenberg from the other spiral bacteria on the basis of motility by means of tufts of polar flagella. Mligula mentioned the fact that the tuft, in certain species, was often agglutinated into a fascicle which appeared as a single flagellum in flagellar stain preparations. Tufts of polar flagella long remained a generally accepted distinguishing morphological character of the genus. This character was not, however, always observed by all investigators. For example, Beijerinck (1925) and Dimitroff (1926) described species of Spirillum as having a single flagellum. Giesberger (1936) was the first investigator of the genus Spirillum to insist on a rigid interpretation of the character of tufts of polar flagella. He suggested that those species which had been described as having a single flagellum be transferred to the genus Vibrio.
Williams and Rittenberg (1957) described six species of the genus Spirillumn as having a single flagellum in flagellar stain preparations prepared after the manner of Gray (1926) . In their discussion of flagellation these authors admitted that the single flagellum might be a fascicle such as had been mentioned and illustrated by AMigula (1900 Gray (1926) and Leifson (1951) and photographed with the Leitz Ortholux light microscope.
RESULTS ANI) DISCUSSION
Both objectives of the electron microscopic survey were achieved. All species, with one possible exception, showed multiple flagella. In one species, Spirillum polymorphum, which Leifson (1960) has described as having a single flagellum, it could not be determined whether the organism possessed a single, thick, compound flagellum or whether this apparent single flagellum was, in reality, two or more closely agglutinated flagella. Due to poor growth, it was not possible to obtain flagellated cells from agar media. The organism produces copious amounts of slime in liquid media and the possibility exists that the repeated centrifugations and washings necessary to remove the slime from the cells also removed some of the flagella. It was found that Leifson's (1951) figure 3 ). Because these two types of basal structures are essentially similar and because individual basal granules can not be seen distinctly in either of them, the authors feel that the structures may both be appropriately termed basal bodies.
A second type of flagellar arrangement in flagellar stain preparations is that of the fascicle of flagella which might be interpreted as single flagellum were it not for the fact that tufts of flagella are also observed in the same field and 
WILLIAMS AND CHAPMIAN
A third type of flagellar arrangement found in flagellar stain preparations is one which has the appearance of a single flagellum such as is shown in figure 6 of Spirillumn volutans. It should be noted that in this photograph there is no indication of the fuzzy outline found in the fascicle arrangement of S. sinuosumn (figure 4). Electron micrographs of S. volutans (figure 7), however, showed that the apparent single flagellum found in flagellar stain preparations was in fact a number of individual flagella. Although several thick masses of flagella were often observed at one pole in the electron micrographs, there was no indication of the complete aggregation of the flagella of one pole, such as is shown in S. sinuosum (figure 5); nor was there any indication of a mass of basal granules such as was observed in S. serpens var. serpens (figure 2). In S. volutans, the flagella apparentlyr originate directly from the surface of the protoplast as shown in a slightly autolyzed cell in which the cell wall has retracted from the cytoplasm (figure 8).
Although basal bodies, from which the flagella appeared to originate, were seen in the fresh water species used in this study, no distinct basal granules were observed in these species. A more intensive investigation will have to be made, however, before any conclusions can be drawn as to the importance of basal granules as the site of origin of the flagella in the fresh water species. Basal granules were observed frequently in the marine species of Spirillum. In Spirillun lunatirn (figure 9) and Spirillum linunm (figure 10), aggregates of the individual basal granules can readily be seen. Each basal granule appears as a slightly elongated bulbous swelling of the flagellum. In Spirilluim atlanticum, a terminal body occurs (figure 11) which appears somewhat different from both the mass of basal granules in figure 2 and from the aggregate of basal granules in figures 9 and 10. It is obvious in figure 10 that the flagella which appear as a fascicle, Individual flagella of the marine species studied possessed an apparent helical structure, similar to that shown by Starr and Williams (1952) for the Congo diphtheroid. This suggested structure can best be observed in the area of figure 9 designated by the arrow.
In addition to the three principal variations of flagellar arrangements already described, a single lateral flagellum, somewhat removed from the main fascicle of flagella, was occasionally observed (figure 12) in an unidentified fresh water species. The rarity with which this configuration was seen suggested that it should very likely be regarded as an aberrant form. It should be noted that this single lateral flagellum is appreciably greater in diameter than the flagella of the fascicle. Also this flagellum reveals an apparent helical structure (arrow).
The data presented in this paper show that tufts or fascicles of polar flagella can be considered a morphological character of species of Spirillum. In those cases where, following light microscope examinations, doubt exists as to the presence of tufts or fascicles of flagella in species of the genus, it would appear to be advisable to obtain electron micrographs of the organism.
SUMMARY
An electron microscopic survey of flagellation in species of Spirillum has shown that tufts or fascicles of polar flagella may be considered to be a determinative morphological character of the genus. Aggregates of basal granules were demonstrated in some of the marine species, a terminal body in one marine species and basal bodies, which may be composed of aggregates of basal granules, in several fresh water species. All the marine species and certain of the fresh water species appeared to have flagella with a helical structural arrangement. The direct attachment of the flagella to the surface of the protoplast was demonstrated in Spirillum volutans. Leifson's method of flagellar staining was shown to give the closest approximation to the results found in electron micrographs.
